###### Strengths and limitations of this study

-   In this study, we assessed how fruit or vegetable intake is related to cardiovascular disease by assessing the indirect effect of systolic blood pressure, total cholesterol and fasting glucose, including body mass index. Given studies were not interested in this topic, so this study has scientific value.

-   Using national representative data source, we sought to generalise the research findings.

-   However, these results were derived from a cross-sectional study design, so causal relationships could not be effectively drawn. Therefore, it is necessary to pay attention to the interpretation of research results.

Introduction {#s1}
============

Cardiovascular diseases (CVDs) are responsible for mortality worldwide; a report from the WHO stated that CVDs accounted for 31% of all deaths worldwide in 2015.[@R1] Although mortality from ischaemic heart disease has shown a flat trend and that from cerebrovascular disease has shown a declining trend in the Republic of Korea since 2005, these causes of death remain highly ranked.[@R2]

Several risk factors for CVDs, including metabolic factors, such as high glucose, high blood pressure and high cholesterol, have been suggested.[@R3] Several studies have suggested that these metabolic factors are also linked to risk factors (eg, body mass index (BMI) and dietary factors) and CVD risk as mediators.[@R4] The causal link between these mediators and disease risk can help explain how intervention of risk factors works. However, previous studies focused on a single relationship between a risk factor and a disease rather than the mediating effects.

Excessive risk for CVD caused by poor diet and chronic diseases was reported from a study of global burden of disease (GBD). In addition, the GBD study established possible causal mediating relationships between a diet poor in fruits or vegetables, metabolic mediators (blood pressure, cholesterol and glucose) and disease.[@R4] Moreover, a recent meta-analysis reported that the beneficial effects of fruits and vegetables intake were also shown in CVD, as well as in cancer and all-cause mortality.[@R6] The metabolic mediators mentioned above have also been linked to BMI and CVD.[@R4] The effect of a diet rich in fruits and vegetables on BMI has been reported through epidemiological studies,[@R7] but few studies have assessed BMI as a mediator.

There is a need to study the degree to which these metabolic factors contribute to the relationship between risk factors and disease. Although the evidence for the association between fruit/vegetable intake and CVD is relatively strong,[@R8] clarifying the potential biological pathway mechanisms could substantially add to our knowledge. Thus, using cross-sectional survey data from the 2013--2015 Korean National Health and Nutrition Examination Survey (KNHANES), we assessed the mediating effects of metabolic components applied to a confirmatory model. Furthermore, we assessed how the BMI contributes to the relationship between fruit or vegetable intake and CVD as a confounder or mediator.

Methods {#s2}
=======

Study subjects {#s2a}
--------------

This study was conducted using data from the 2013--2015 KNHANES, which is a national representative cross-sectional survey to assess health and nutritional status in the Korean population (response rate=78.3%). It consists of a health interview, health examination and a nutrition survey. A number of variables were collected by trained staff, including physicians, medical technicians and dietitians. The detailed KNHANES survey method has already been described.[@R10]

The food frequency questionnaire (FFQ) was changed to a dish-based semiquantitative FFQ based on a 2012 survey. The survey assessed subjects 19--64 years of age. Details regarding the development process and validation results of the FFQ tool have been previously published elsewhere.[@R11] We used the sixth survey from 2013 to 2015 by sampling according to the survey cycle. This study included subjects ≥25 years. Additionally, the eligible study population included the respondents with data from all three parts of the survey. Of the subjects aged 25--64 who participated in the survey (n=12 258), 73.7% participated in all three parts of the survey. A total of 9040 subjects (3555 males and 5485 females) were included in the study.

Fruit and vegetable intake {#s2b}
--------------------------

The dish-based semiquantitative FFQ was composed of 112 items and provided information on typical dietary consumption for 1 year using a nine-point scale (less than once per month or never, once per month, two to three times per month, once per week, two to four times per week, five to six times per week, once per day, twice per day and three times per day) and three levels to represent the amount consumed by referring to a standard amount (less, standard and more). Based on a previous study,[@R4] we excluded pickled and salted vegetables, kimchi and fruit juice. Vegetable intake and fruit intake were evaluated based on 15 items and 12 items, respectively (online [supplementary table 1](#SP1){ref-type="supplementary-material"}). The frequency of fruit intake was used after adjusting for seasonal fruit. Estimated intakes of fruits and vegetables were calculated on the FFQ by multiplying the frequency of each food (as described above) by the selected amount consumed: small (0.5), medium (1) and large (1.5). Fruit and vegetable intake was expressed in four categories (\<1 time/day, 1 time/day, 2 times/day and ≥3 times/day).
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Outcome and covariate data {#s2c}
--------------------------

We used data from the health-related questionnaire for the diseases diagnosed by physicians. We selected the questions about stroke, myocardial infarction and angina pectoris for the CVD-related diseases. If a subject answered 'yes' to any of the three diseases, we considered that the subject had CVD. Additionally, we separately considered subjects who answered 'yes' on the question about current illness with a physician's diagnosis and those who responded 'yes' to a question about receiving treatment for a disease.

Using the measured height and weight information, BMI was calculated in units of kg/m^2^. Blood pressure was measured three times in total, and the average value of the second and third measurements was used. Total cholesterol and glucose were measured by taking blood from fasting state.

We used data on sex, age, quartiles of income, region (urban/rural), current smoker and survey year as covariates through a literature review[@R13] and the results of a univariate analysis. We used quartile data for income instead of education level as a socioeconomic indicator because income may be directly linked to food purchases.[@R14] The question about physical activity was changed from the 2014 survey, so we did not consider physical activity.

Statistical analysis {#s2d}
--------------------

The basic characteristics of the study subjects are presented as weighted percentages or weighted means with SEs by considering the multistage sampling survey method. The distributions of the basic characteristics according to fruit or vegetable intake level were assessed using the trend test under the random sampling condition. In the main analysis, CVD was considered the outcome (Y), and fruit or vegetable intake was considered an independent variable (X). Systolic blood pressure (SBP) (M~1~), total cholesterol (M~2~) and fasting glucose (M~3~) were applied as metabolic mediators (M). Additionally, BMI was considered as either a covariate or mediator.

We used the 'process' macro based on the bootstrap method (V.2.16.3) suggested by Andrew to assess the mediating effects.[@R15] In this analysis, we applied 10 000 bootstraps. We separately or simultaneously assessed the indirect effect of the metabolic mediators on the association between dietary factors and CVD. First, we examined the association under the controlling covariates (sex, age, income, region (urban/rural), present smoking and survey year) through four basic steps to assess mediation.[@R16] Step 1: association between dietary factors and CVD (X → Y; total effect and was marked path 'c'); step 2: association between dietary factors and metabolic mediators (X → M~i~; marked path 'a'); step 3: association between metabolic mediators and CVD after controlling for metabolic mediators (M~i~ → Y; marked path 'b'); and step 4: association between dietary factors and CVD disease after controlling for metabolic mediators (direct effect; marked path 'c\''). Subsequently, we evaluated the multiple mediator model and the serial mediator model.

The exponential regression coefficient is equal to the OR when considering the CVD as an outcome variable. The percentage of risk mediated by the metabolic mediator was calculated as[@R17]: OR (confounder adjusted) − OR (confounder and mediator adjusted)/OR (confounder adjusted) − 1×100.

All statistical analyses were conducted under a random sampling condition excluding the basic characteristics given in [table 1](#T1){ref-type="table"} using SAS V.9.4 software. A two-sided P value \<0.05 was considered significant.

###### 

Basic characteristics of the study subjects

                                     Weighted % (SE)
  ---------------------------------- -----------------
  Sex                                
   Male                              49.92 (0.51)
   Female                            50.08 (0.51)
  Age range                          25--64 years
  Age (years)\*                      43.68 (0.18)
  Region                             
   Urban                             83.87 (1.52)
   Rural                             16.13 (1.52)
  Income level (quartiles)           
   Q1                                23.46 (0.73)
   Q2                                25.61 (0.72)
   Q3                                25.03 (0.71)
   Q4                                25.90 (0.97)
  Current smoking                    
   No                                75.83 (0.60)
   Yes                               24.17 (0.60)
  Disease                            
    Cardiovascular disease           1.81 (0.16)
    Stroke                           0.98 (0.13)
    Ischaemic heart disease          0.90 (0.10)
  Metabolic factors\*                
   Systolic blood pressure (mm Hg)   115.01 (0.21)
   Total cholesterol (mg/dL)         190.98 (0.47)
   Fasting plasma glucose (mg/dL)    98.58 (0.30)
   Body mass index (kg/m^2^)         23.92 (0.05)

\*Weighted mean with SE.

Results {#s3}
=======

The basic characteristics of the study subjects are presented in [table 1](#T1){ref-type="table"}. Mean age was 43.7 years, and 1.81% of subjects (n=189) had CVD. In addition, 0.98% and 0.90% of subject had stroke (n=102) and ischaemic heart disease (n=97), respectively. Subjects with a higher income ate more fruits or vegetables than those with a lower income. Those who ate more fruit were more likely to be non-smokers and female than their counterparts (online [supplemental tables 2 and 3](#SP1){ref-type="supplementary-material"}).

The total effect of fruit intake on CVD showed an inverse association without controlling for metabolic mediators (adjusted OR (aOR) 0.86, 95% CI 0.74 to 0.98), but the effect of vegetable intake was not significant (aOR 0.93; 95% CI 0.81 to 1.06) after controlling for sex, age, income, region (urban/rural), current smoker and survey year (data not shown).

The direct effect of fruit intake on CVD was borderline significant after further considering each metabolic mediator. The effect of fruit intake on SBP (X → M) and the effect of SBP on CVD (M → Y) were significant, and subsequently the indirect effect of SBP did not include zero in the 95% CI range, unlike other metabolic mediators. The effect of fruit intake on BMI showed borderline significance, and the effect of BMI on CVD was significant, but the indirect effect of BMI was not significant. Additionally, the effect of SBP was significant even after controlling for BMI as a covariate ([table 2](#T2){ref-type="table"}). SBP, cholesterol and BMI were associated with CVD, but vegetable intake did not contribute to either metabolic mediator or CVD ([table 3](#T3){ref-type="table"}). The mediating effect of SBP on the association between fruit intake and outcome was dominant even when the outcome was restricted to those with a current illness or undergoing treatment.

###### 

The effect of metabolic mediators (M) in the association between fruit intake (X) and cardiovascular disease (Y)

  -------------------------------------------------------------------------------------------------------------------------------
  Metabolic\    Fruit intake                                                                                            
  factors (M)                                                                                                           
  ------------- -------------- ------- -------- -------- ------- ---------- -------- ------- -------- -------- -------- ---------
  SBP\*         −0.484         0.144   0.001    0.013    0.004   0.002      −0.137   0.072   0.06     −0.007   −0.014   −0.002

  TC\*          −0.156         0.357   0.66     −0.019   0.003   \<0.0001   −0.144   0.075   0.05     0.003    −0.011   0.017

  FPG\*         −0.665         0.217   \<0.01   0.004    0.003   0.20       −0.144   0.074   0.05     −0.002   −0.006   0.001

  BMI\*         −0.059         0.034   0.08     0.078    0.022   0.001      −0.143   0.072   \<0.05   −0.005   −0.012   0.001

  SBP†          −0.420         0.139   \<0.01   0.011    0.005   0.01       −0.127   0.072   0.08     −0.005   −0.011   −0.0004

  TC†           −0.064         0.352   0.86     −0.019   0.003   \<0.0001   −0.126   0.075   0.09     0.001    −0.012   0.015

  FPG†          −0.614         0.214   \<0.01   0.002    0.003   0.42       −0.130   0.074   0.08     −0.002   −0.005   0.002
  -------------------------------------------------------------------------------------------------------------------------------

All analyses were performed separately according to each metabolic mediator.

\*Adjusted for sex, age, income, region (urban/rural), current smoking and survey year.

†Adjusted for sex, age, income, region (urban/rural), current smoking, survey year and BMI.

BMI, body mass index; FPG, fasting plasma glucose; SBP, systolic blood pressure; TC, total cholesterol;.

###### 

The effect of metabolic mediators (M) in the association between vegetable intake (X) and cardiovascular disease (Y)

  ------------------------------------------------------------------------------------------------------------------------------
  Metabolic\    Vegetable intake                                                                                         
  factors (M)                                                                                                            
  ------------- ------------------ ------- ------ -------- ------- ---------- -------- ------- ------ --------- -------- -------
  SBP\*         −0.042             0.169   0.80   0.014    0.004   0.002      −0.132   0.086   0.13   −0.001    −0.006   0.004

  TC\*          0.236              0.420   0.57   −0.019   0.003   \<0.0001   −0.121   0.089   0.18   −0.005    −0.021   0.012

  FPG\*         −0.054             0.256   0.83   0.004    0.003   0.18       −0.132   0.088   0.14   −0.0002   −0.003   0.002

  BMI\*         0.057              0.040   0.16   0.080    0.022   \<0.001    −0.145   0.086   0.09   0.005     −0.002   0.013

  SBP†          −0.114             0.163   0.48   0.012    0.005   0.01       −0.131   0.086   0.13   −0.001    −0.006   0.002

  TC†           0.142              0.415   0.73   −0.019   0.003   \<0.0001   −0.122   0.089   0.17   −0.003    −0.019   0.014

  FPG†          −0.121             0.252   0.63   0.003    0.003   0.4        −0.132   0.088   0.14   −0.0003   −0.003   0.002
  ------------------------------------------------------------------------------------------------------------------------------

All analyses were performed separately according to each metabolic mediator.

\*Adjusted for sex, age, income, region (urban/rural), current smoking and survey year.

†Adjusted for sex, age, income, region (urban/rural), current smoking, survey year and BMI.

BMI, body mass index; FPG, fasting plasma glucose; SBP, systolic blood pressure; TC, total cholesterol.

When the beta coefficient was expressed as OR, the OR of the effect of fruit intake on CVD was attenuated to 0.89 (95% CI 0.77 to 1.03) while simultaneously controlling for three metabolic mediators, indicating a 21.4% indirect effect for CVD (ie, (0.8555--0.8864)/(0.8555--1)\*100=21.4%). SBP showed an independent indirect effect. Higher fruit intake had a beneficial effect on fasting glucose, but its effect was not associated with CVD. The direct effect of fruit intake on CVD presented an inverse association (*ß*=−0.121, P=0.11), but it did not reach statistical significance ([figure 1](#F1){ref-type="fig"}). In addition, similar results were observed when adding BMI as covariate, with an OR (the effect of fruit intake on CVD) of 0.90 (95% CI 0.78 to 1.04; data not shown). The indirect effect of the four metabolic factors accounted for 30.0% of the relationship between fruit intake and CVD (ie, (0.8555--0.8989)/(0.8555--1)\*100=30.0%).

![The effect of multiple metabolic factor (M~i~) mediators in the association between fruit intake (X) and CVDs (Y). Coefficients were adjusted for sex, age, income, region (urban/rural), current smoker and survey year using the bootstrapping method. ^a^P\<0.01; ^b^P\<0.001. CVD, cardiovascular disease; SBP, systolic blood pressure.](bmjopen-2017-019620f01){#F1}

We analysed the serial mediator model to assess whether BMI influenced SBP ([figure 2](#F2){ref-type="fig"}). Although the effect of fruit intake on BMI showed borderline significance, the influence of BMI on SBP and the effect of SBP on CVD reached statistical significance. Of the three possible indirect paths, the fruit intake path → SBP → CVD was the only one to show an independent association.

![The effect of multiple serial mediators of metabolic factors (M~i~) in the association between fruit intake (X) and cardiovascular diseases (Y). Coefficients were adjusted for sex, age, income, region (urban/rural), current smoker, and survey year using the bootstrapping method. ^a^P\<0.1, ^b^P\< 0.05, ^c^P\<0.01, ^d^P\< 0.001. BMI, body mass index, SBP, systolic blood pressure.](bmjopen-2017-019620f02){#F2}

Fruit intake was directly linked to subjects who suffered a stroke, but not ischaemic heart disease, regardless of which metabolic factors were controlled. In addition, the mediating effect of SBP was dominant in patients who suffered a stroke or ischaemic heart disease even after controlling for BMI (online [supplemental tables 4 and 5](#SP1){ref-type="supplementary-material"}).

Discussion {#s4}
==========

In this study, we assessed how fruit or vegetable intake is related to CVD by assessing the indirect effect of metabolic mediators. Based on the suggested causal link, SBP, total cholesterol and fasting glucose were considered metabolic mediators, and the effect of BMI was additionally assessed. Of them, the indirect effect of SBP on the relationship between fruit intake and CVD was significant even after considering BMI, but not vegetable intake. The indirect effect of the four metabolic factors accounted for 30.0% of the relationship between fruit intake and CVD.

The beneficial effects of high fruit or vegetable intake on CVD and the unfavourable effects of high blood pressure, glucose and cholesterol on CVD are well known. Thus, previous studies considered metabolic factors together, and mediators were reported to attenuate the association of a direct effect.[@R5] One large prospective study conducted in 10 regions in China indicated that higher fresh fruit intake is linked to CVD death, and its effect was attenuated by HRs from 0.63 (95% CI 0.56 to 0.72) to 0.70 (95% CI 0.61 to 0.79) after adjusting for BMI, blood pressure, glucose and waist circumference.[@R18] Another study conducted in Shanghai, China, showed an attenuated association between fruit intake and incident coronary heart disease after controlling for a history of diabetes, hypertension or dyslipidaemia, but no association or attenuation was observed for vegetable intake.[@R5] The Women's Health Study reported by Liu *et al*[@R19] also showed that the effect of fruits and vegetables on CVD risk became stronger after excluding subjects with a history of diabetes, hypertension and high cholesterol. It seems that these mediators largely attribute to the relationship between fruit and/or vegetable intake and CVD risk. However, biological pathways by metabolic factors between fruit and/or vegetable intake and CVD risk have not been investigated.

The assessment of a mediating effect could help understand how fruit and/or vegetable intake affects CVDs. In addition, an effect of poor dietary risk by metabolic mediators on CVD was suggested by the GBD study, so that was considered to estimate the disease burden. The mediating effect of blood pressure on the association between fruit and/or vegetable intake and CVD was suggested by a prospective cohort study of patients in the first National Health and Nutrition Examination Survey.[@R13] Blood pressure contributed 22.2% to the relationship between fruit and vegetable intake and CVD death. This was similar to the results adjusted for BMI, cholesterol and blood pressure. That study also showed that the direct effect of fruit and vegetable intake was notable in patients who suffered a stroke but not those with ischaemic heart disease. These results are in line with those of the present study.

We assessed a potential role for BMI on the association between fruit intake and CVD using various models. Several reports, including the above-mentioned study, considered BMI as a potential mediator.[@R13] Additionally, a causal link between BMI and CVD risk is mediated through metabolic factors. Two pooled studies of prospective cohorts assessed the effect of BMI on coronary heart disease and stroke as mediated by metabolic components. They reported that blood pressure was a more important mediator compared with cholesterol and glucose.[@R17] Other pooled data from an Asian cohort also indicate that estimated mediating proportions through hypertension were 62.3%, 35.7% and 92.4% for the association between BMI and death due to CVD, coronary heart disease and stroke, respectively, but not by diabetes.[@R21] The GBD study restricted total calories to 2000 kcal instead of considering BMI.[@R22] In the present study, higher fruit intake was inversely associated with BMI, but it was borderline significant (*β*=−0.06, P=0.08), which affected the results of the fruit intake path → BMI → SBP → CVD in the serial multiple mediator model. Our study found that the mediating effect due to BMI was about 7.9%, but previous studies showed a \<3.0% mediating effect by BMI on the association between fruit only or fruit and vegetable intake and CVD deaths by presenting little change in the adjusted risk value.[@R13] However, it is difficult to make a direct comparison due to discrepancies in study design, study populations, the definition of disease and fruit and/or vegetable intake.

Eating more vegetables was not significantly associated with either a direct or indirect effect. In Korea, vegetables in the general population are easily accessible by a side dish. Indeed, statistics from the Organisation for Economic Co-operation and Development have reported that daily vegetable consumption among adults was the highest in Korea.[@R23] However, the manner of preparation and/or cooking can influence nutrient content.[@R7] The favourable effects of fruit and vegetable intake can be explained by nutrients, such as dietary fibre, folate, potassium and antioxidant vitamins (ie, vitamin E, vitamin C, polyphenols, flavonoids and carotenoids) and other components. These nutrients might be involved with controlling glucose, lipid level, and blood pressure and reducing the risk of CVD along with weight control.[@R7] However, because foods contain various nutrients, food recommendations help subjects follow a prevention strategy. In addition, healthy eating is also associated with other health behaviours, such as not smoking and regular physical activity.[@R13]

The present study has some limitations. First, the results were derived from a cross-sectional study design, so causal relationships could not be effectively drawn. Our study design is also open to the problem of reverse causation. If the reverse causation affects the results, the association will appear to be null or reverse direction to what is expected. However, the indirect effect by SBP was significant, and some parts of our results were consistent with previous studies.[@R13] Furthermore, the results were also consistent when stroke and ischaemic heart disease were analysed separately. Because the survey was conducted through a household visit and excludes people in the hospital, subjects with diseases might be the relatively less serious cases. Measurement error in FFQ survey or self-reported disease status may influence the results. In addition, residual confounding factors such as physical activity may have influenced the association. Finally, because the number of participants with CVD was very low (1.8%), the study had inadequate statistical power that might explain some of the non-significant findings.

Nevertheless, our study focused on the mediating effects of metabolic factors on CVD and assessed which metabolic factors affect CVD. Our results were produced using the bootstrapping method and did not impose the assumption of normality of the sampling distribution; thus, it was an appropriate design for multiple mediations.[@R16] The given evidence was conceptually approached and was not statistically tested for an indirect effect.

Taken together, our study suggests that diets rich in fruits may contribute to a lower CVD risk partly through lowered SBP. Further prospective studies are needed for confirmation.
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